and the preference of students (Loren Zech, MD, Washington Hospital Center, Washington, DC, written communication, August 2009). During academic year [2002] [2003] , the clinical faculty considered changing the clerkship sequence to provide all students with an early internal medicine experience. In evaluating this curricular change, a review of the literature did not provide sufficient evidence regarding the influence of early internal medicine exposure on student performance.
Studies have demonstrated the importance of clerkship sequence on aspects of performance in select clerkships, [3] [4] [5] [6] and their findings support that students perform better on subject examinations as they progress through the academic year. 3, 4 In recognition of these findings, the National Board of Medical Examiners changed its method of reporting score analyses to students and administrators according to the quarter in which the examination was taken during the academic year. Reports now include different national mean information for each quarter of the aca-demic year so that medical schools may factor in the experience of the student as he or she progresses in the curriculum. 7 Although research supports that students perform better in clerkship examinations later in the year, we are not aware of any studies that have addressed whether knowledge is gained as a result of a certain clerkship specialty. According to reported experience, we hypothesized that knowledge gained in the internal medicine clerkship may improve performance in later clerkships. We therefore assessed whether there is an association between first clerkship specialty and overall performance throughout the third-year clerkship sequence.
METHODS
This retrospective study was approved for exemption by the University of Illinois institutional review board. Records of third-year clerkship performance were reviewed from July 2000 through June 2008. During this period, 2236 students who completed all 6 core clerkships (internal medicine, family medicine, surgery, pediatrics, psychiatry, and obstetrics/ gynecology) were identified for study inclusion. Of the 2236, 20 did not have USMLE Step 1 scores available in the data record and were excluded from all explanatory models. Data on student performance were obtained from all 4 campuses of the University of Illinois College of Medicine (Chicago, Peoria, Rockford, and Urbana).
Characterization of Student Groups
Each of the campuses differs in its core mission, and the diversity of medical students and large student body size allowed for assessing associations with first clerkship among a broad population. For example, at the Urbana campus 85% of the students are members of the dual-degree MD/PhD program; they typically enter the medical school curriculum full time at the beginning of their second year of medical school after completing the graduate degree, which may alter their performance in their clerkships. At the Rockford campus, the rural medicine program (emphasizing primary care) is a large part of the curriculum. In Chicago, underrepresented minority students account for 25% of the student body, related to the urban health program. In each campus, there are also a large number of traditional-track students.
Description of Core Clerkships
The internal medicine core clerkship at all campuses lasts 12 weeks, with an average of 66% inpatient training. There are typically 15 hours per week of formal instruction. Pediatrics, obstetrics/ gynecology, psychiatry, and surgery are all 8 weeks, with 50% or more of the time spent in the inpatient setting. Formal instructional hours within each of these 4 core clerkships are similar, averaging 8 hours per week. The greatest variation across the campuses occurs during the family medicine clerkship: students train from 4 to 6 weeks, spending on average 80% of their time in the ambulatory setting and 6 hours per week in formal instruction. All clerkships require students to maintain a patient log that details their required clinical encounters for each specialty. Faculty members on collegewide curriculum committees oversee the comparability of clerkship experiences across the 4 campuses.
Clerkship Assignments
Initial clerkship order was assigned differently among the campuses. In 2 campuses (comprising 25% of the participants), there was a lottery after completion of the second academic year, in which students could select their clerkship sequence order. In 1 campus (comprising 58% of the participants), there was a lottery system that placed students in preset tracks that included different clerkship specialty orders paired with various institutions. In 1 campus (comprising 17% of the participants), there was administrative assignment, taking into account student submitted requests. At all campuses, a small number of students who delayed beginning clerkships may have entered the clerkship sequence in a nonrandom way, depending on availability of clerkship positions. Those students were determined to compose less than 2% of the student body.
Data Collection
Academic records were reviewed to obtain the order of clerkship specialty and performance on the United States Medical Licensing Examination (USMLE)
Step 1 test. For each clerkship, the preceptor categorical grade of students' clinical performance (converted to a 2-to 5-point scale), subject examination score (range, 0-100), and the final overall clerkship grade awarded (a combination of these scores weighted two-thirds clinical performance and one-third subject examination) were ascertained. For the study, initial clinical clerkship grade and first subject examination performance were included in all analyses for any student with more than 1 attempt at a clerkship or subject examination. The analyses reflected the grading procedure used by the College of Medicine to calculate the final overall clerkship grade, which included conversion of the initial preceptor letter grade to a numeric score, combination with numeric subject examination score, and conversion of total combined score back to a letter grade (TABLE 1) .
For analyses, clerkship grades and clinical performance scores were converted from an ordinal score system of "unsatisfactory," "proficient," "advanced," and "outstanding" to a numeric score of 2, 3, 4, or 5. These scores were scaled in proportion to the university scale for ease of interpretation. Although the university assigned 0 points to unsatisfactory grades, the analysis converted this to 2 points to limit the effect of this clerkship grade when placed along the relative scale of 3 to 5 used for the remaining grade categories. Only 5 "unsatisfactory" grades were earned among any of the participants in the study. For study inclusion, each student had to have completed all 6 clerkships, so no incompletes were present among the student population. For the purposes of this study, a total clinical performance score and total overall grade were created by summing the 6 numeric scores of all 6 clerkships, creating a possible score of 12 to 30 points for each. A mean subject examination score was created by totaling all 6 specialty subject examinations and dividing by 6 to create a possible score ranging from 0 to 100.
Statistical Analysis
Preliminary analyses, including 1-way analysis of variance and 2 tests, were used to evaluate differences in the baseline characteristics of students enrolled in each first clerkship group, including sex, USMLE Step 1 score, and campus of attendance. To evaluate the overall association with a student's first clinical clerkship, analysis of covariance was used to test for betweengroups mean differences in subject examination scores, preceptor ratings on clerkship performance, overall clerkship grade, and USMLE Step 2 scores as a function of initial clerkship specialty while controlling for continuous variables (USMLE Step 1 score) and categorical variables (campus and sex). The Levene test for equality of variance was used to test the assumption of homogeneity of variance. Sum of squares type III tests were used in all calculations of statistical significance of analysis of covariance model variables to allow for the assessment of the addition of each factor/covariate to the model. Analysis of covariance models were evaluated with inclusion of second-order interaction terms, but because of minimal significance of interaction (of only 2 interaction terms in any of the 4 models) and an overall decrease in model fit, these interactions were not kept in the final models.
After determination that a significant association existed between first clerkship and both subject examination and overall clinical grades, pairwise analyses with t tests with Bonferroni correction were completed to assess the mean difference in subject examination scores and overall clerkship grades for each possible pair of first rotations. Statisticalanalyseswereperformedwith SAS, version 9.2 (SAS Institute, Cary, North Carolina). All statistical tests were 2sided,withan␣of.05foranalysisofvari-ance and analysis of covariance analyses, and Bonferroni-corrected ␣ of .003 for pairwise analyses.
RESULTS
There were significant differences in baseline characteristics among the students in each first clerkship group ( Step 2 score, which indicates that the association between first clerkship and overall grade was contributed to primarily by its association with subject examination and not clinical performance. First clerkship had the strongest association with subject examination score, followed by total overall grade.
All 4 outcomes were significantly associated with sex (scores higher for women than men), campus, and Step 1 score, with the strongest contribution to all outcomes by Step 1 score. Overall, the explanatory variables had good predictability for mean subject examination score (R 2 =0.63), total overall grade (R 2 =0.51), and USMLE Step 2 score (R 2 =0.53). The model had much less explanatory power for clinical grade (R 2 =0.19), despite significant effects of all explanatory variables except first clerkship.
Pairwise comparisons for mean cumulative subject examination scores showed a significant difference in scores for students taking internal medicine first compared with surgery (mean difference, 1.49; 95% confidence interval [CI], 0.71-2.27), obstetrics/gynecology (mean difference, 1.52; 95% CI, 0.71-2.34), psychiatry (mean difference, 1.69; 95% CI, 0.89-2.49), and family medicine (mean difference, 1.90; 95% CI, 0.92-2.88) (TABLE 5). Students completing pediatrics first showed a significantly higher overall subject examination score compared with students first completing psychiatry (mean difference, 0.95; 95% CI, 0.05-1.84) and family medicine (mean difference, 1.16; 95% CI, 0.10-2.21). Additional analysis of covariance subanalyses by individual campus consistently found higher overall subject examination scores for individuals who began the clerkship sequence with internal medicine compared with family medicine, obstetrics/gynecology, and psychiatry. Three of the 4 campuses had higher scores for individuals who began the clerkship sequence with internal medicine compared with surgery and pediatrics. Not all of these differences met the significance threshold, a possible reflection of the smaller sample size. Only 2 of the campuses had significant findings for the overall analysis of covariance model, also likely because of the smaller sample size.
Students completing internal medicine first also had significantly higher mean overall clerkship grades than students who began the clerkship sequence with obstetrics/gynecology (mean difference, 0.65; 95% CI, 0.18-1.12), psychiatry (mean difference, 
COMMENT
This study provides evidence that thirdyear medical student performance as assessed by subject examination and overall grade is associated with the first clinical clerkship. In particular, the strongest associations appear to be with internal medicine as the initial clerkship, followed by pediatrics. Issues to be considered in interpreting these findings include their plausibility, the magnitude of identified differences, the generalizability of the findings, and the potential implications for curriculum and student assessment. The positive association between initial internal medicine clerkship experience and subject examination performance throughout the clerkship sequence may reflect general understanding of internal medicine concepts, providing a fundamental basis for medical knowledge in all clinical disciplines. Having taken the internal medicine clerkship, students may have the basic understanding of these concepts and an advantage in standardized examination performance thereafter. The smaller association of pediatrics as first clerkship with subject examination scores vs psychiatry and family medicine may be due to the overlap of core medicine attributes found within the pediatrics clerkship. The lack of association of first clerkship specialty with overall clinical performance may indicate that these skills are learned similarly, whatever the first clerkship.
Students completing the training program graduated with an equivalent clinical knowledge base, as measured by USMLE Step 2 scores and clinical skills evaluation, regardless of first clerkship specialty. Although the result may be the same, intermediate measurements of progress (clerkship grades) may nevertheless be affected by clerkship sequence. A difference of 1.5 to 2 points in mean subject examination scores may appear small, but because it occurs near the 73-point cutoff, it can make the difference between a grade of "advanced" or "outstanding" (Table 1) , which is supported by comparing the difference of nearly 1 clerkship grade in a single clerkship during the year between internal medicine and obstetrics/gynecology, internal medicine and psychiatry, and internal medicine and family medicine (Table 5) . We hypothesize that the association may be more concentrated in subject examinations early in the academic year in the absence of internal medicine experience than in later clerkships, in which basic knowledge of internal medicine has been accumulated throughout the year through other clerkships. If so, the individual clerkship grades may be more affected than shown in a mean summary score.
Concerns about clerkship sequence and the effect of the internal medicine clerkship on subsequent clerkships is not unique to our institution. Because of the combination of diverse campuses, the University of Illinois may not represent a typical medical school. However, medical schools are expanding to meet societal needs; many are doing so by opening 4-year branch campuses. 8 It is also possible that the findings represent an artifact of the University of Illinois grading scheme. However, most medical schools incorporate a comparable formula for grading third-year clerkships that includes merging of subject examination scores with faculty clinical evaluation scores. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Other components of assessment may include clinical simulations, case-based examinations, written examinations with short-answer questions or structured essay questions, oral examinations, portfolios, and peer/patient/selfassessments. [12] [13] [14] [15] [16] [17] 19 The study would benefit from replication at other schools with a more traditional student population base and different grading systems.
This study has potential implications for the student evaluation process and for optimizing the curriculum. Previous studies acknowledge students' interest in selecting thirdyear clinical training experiences that provide active learning opportunities 20 and transitions from classroom to clinic. 21 From a pragmatic perspective, students commonly seek an advantage in pursuing their studies to ensure they achieve their personal performance goals. These goals may include securing a highly competitive residency position, induction in Alpha Omega Alpha honor society, or graduation with honors. This study suggests that student lore indicating that the most desirable clerkship order involves taking internal medicine first may indeed be substantiated by higher subsequent grades. It may therefore be important for residency programs to consider the clerkship order in interpreting third-year grades.
Regarding curriculum structure, it is not feasible to place all students in the internal medicine clerkship first. However, the primary finding of this study suggests that specific components found within the internal medicine clerkship provide a foundation of knowledge necessary to the understanding of all medical disciplines. It may be of value for medical schools to explore such components, which may include bedside learning, exposure to a variety of cultural and socioeconomic issues, more intense continuity of care, modeling of clinical decision making, understanding the complex clinical picture and its underlying pathology, more didactic clinical sessions, more responsibility in managing patients, and exposure to management and treatment for common medical problems encountered throughout all medical disciplines. These attributes might be leveraged by increasing inpatient medicine-like experiences early in the third year or possibly second year or by providing an introductory course before initiation of clerkships addressing common medical problems, including their management and treatment.
Strengths of this study include that the mechanism for clerkship grading at the University of Illinois is formulaic and consistent across clerkships, as well as across campuses, to ensure that all clerkship training sites within the system use the same criteria and process. Faculty members from each clinical discipline determine a single instrument with criterion-referenced behaviors essential to the discipline. Such uniformity may make it possible to detect effects that also occur in other institutions but would be difficult to assess because of internal variability in grading approaches. The large number of students per year also helped to make the study feasible, and the diversity of student types allowed us to investigate this phenomenon across a broad range of students, a situation that may not exist in a single medical school of similar size.
In addition to issues about generalizability to other institutions, study limitations include the retrospective design and the incomplete randomization of the assignment of first clerkship. Student preference may play a role in this process, and, although this effect cannot be quantified with available data, student selection and personal characteristics may preferentially influence their clerkship order selections. The potential direction and influence of these selections is unknown, but we believe that it was minimized by the large degree of randomness in the clerkship order process.
In addition, there was variation in clerkship experience among campuses, despite strong curricular efforts to provide equal experiences across the campuses. Although there are bound to be differences across campuses in the study population, hospital and clinic systems, faculty training, and general experiences, the analysis controlled for these variables by adjusting for campus site and Step 1 score. Finally, as with all observational designs, this study can establish associations but not causality.
CONCLUSION
Among students at 4 campuses of a US medical school, clerkship order was significantly associated with performance on clerkship subject examinations and overall grades, but not with clerkship clinical performance or USMLE Step 2 scores. The success of student clinical performance may be related to factors other than those included within the scope of this study. Additional analyses of student performance in the clinical setting and in other institutions may help provide optimal experiences for students.
